OBJECTIVES: Our goal was to investigate whether pleural adhesions identified during an operation can induce adverse events. We investigated the outcome of major lung resection in patients with pleural adhesions encountered on entry into the pleural cavity.
INTRODUCTION
Under normal conditions, the pleural mesothelium exhibits the ability to recycle fluid through several mechanisms [1, 2] . During inflammation, this ability is lost, leading to the accumulation of pleural fluid [3, 4] .
Formation of adhesions is usually the end result of an inflammatory process [5] . Evidence indicates that the presence of adhesions interferes with the postoperative recycling of fluid [6] , leading to the decreased ability of the pleura to recycle fluid.
The presence of pleural adhesions adds a technical challenge and increases the risk of conversion to open surgery [7] [8] [9] . It correlates with bleeding and prolonged air leak [8, [10] [11] [12] . Apart from these observations, it is still unclear whether adhesions interfere with the recovery of operated patients.
The aim of the present study was to compare the outcomes of patients undergoing major lung resections with and without the presence of pleural adhesions observed intraoperatively.
PATIENTS AND METHODS

Study design
We reviewed retrospectively the operative notes from 144 consecutive patients who underwent a major lung resection at our institute (without previous operative procedures in the chest) over a period of 9 months (August 2014-April 2015) associated with the presence of pleural adhesions. Various outcome measures were compared between the patients with and without pleural adhesions. Results from this comparison triggered further investigations into differences in the topography of the adhesions and the timing of the removal of the intercostal chest drain (ICD).
Preoperative management of patients
Patients were referred to our department following discussions at our institute's multidisciplinary team meeting. A chest computed tomography scan not older than 6 weeks and a positron emission tomography scan were obtained in all patients. Functional operability was determined according to the European guidelines [5] . Additional functional testing such as a cardiopulmonary exercise test or a stair-climbing assessment was performed as needed. Performance status was determined for all patients after assessment of a full medical history and clinical evaluation.
Operational details
Five board qualified general thoracic surgeons who perform an acceptable number of anatomical lung resections per year performed all operations. All video-assisted thoracoscopic surgery (VATS) cases were performed with a bi-or triportal approach.
Postoperative management and follow-up of patients
All patients were managed in a dedicated thoracic ward according to standardized protocols of care including early mobilization, venous thrombosis prophylaxis and chest physiotherapy.
Postoperative pain was controlled with the continuous infusion of local anaesthetics through paravertebral catheters. Additional systemic analgesia was administered to achieve a numeric pain score less than 3 (scale range 0 [no pain] to 10 [unbearable pain]).
A single chest drain was left in situ after all lung resections, connected to a digital drainage system with a standardized removal protocol at <400 ml/day of fluid drainage and <20 ml/ min air leak for at least 12 h. Standard postoperative and discharge guidelines were applied to all patients.
Our department's follow-up protocol included postoperative outpatient consultations at 6 weeks, every 6 months for the first 2 years and annually thereafter for 5 years (depending on the date of the operation and the disease).
Patient data
The parameters investigated, apart from the demographics, included comorbidities smoking habits, performance status, operative data (operative time, length of staples used to complete the fissure, extent and side of resection, VATS or open approach), conversion rates, morbidities, air leak duration, drainage characteristics (fluid drainage at postoperative day [POD] 1 and POD2), duration of insertion of the ICD, number and time after the initial operation of reoperations, length of stay (LOS) in the hospital and the mortality rate (30-day and late deaths).
Overall morbidity was categorized into respiratory (including atelectasis, pneumonia, respiratory failure or acute respiratory distress syndrome), cardiac (including atrial fibrillation, hypotension requiring vasoconstrictors, myocardial infarction or heart failure), pleural (including prolonged air leak, pleural effusion drainage > _400 ml/day, empyema, presence of persistent pleural pocket or chylothorax), surgical (including technical surgical adverse events such as postoperative bleeding, lung infarction or lung herniation) and variable complications (including all the rest of the types of morbidities i.e. renal or gastrointestinal issues). Thirty-day mortality included deaths during the operation.
Adhesion data
Pleural adhesions were assessed from the operative notes according to the extent of involvement of each lobe surface calculated as a percentage of the total pleural cavity. All patients with adhesions were included in the study. The topography of the adhesions (involving or not involving parts of the lower pleural cavity) and the severity of the adhesions (loose or firm and vascular) were also noted.
Grouping of patients
Patients were divided into 2 main groups with or without pleural adhesions.
Study permission
The study was reviewed and approved by the Research and Innovation Department at Leeds Teaching Hospitals NHS Trust, which waived the need of review by a NHS Research Ethics Committee.
Statistical analysis
Statistical analysis was performed with SPSS version 22.0 (Chicago, IL, USA).
All numerical data were investigated for normality of distribution with the Shapiro-Wilk normality test (normally distributed when P > 0.05) and Q-Q plots (acceptable figures for normality of distributed) and were presented as mean ± standard deviation. Skewed data were presented as the median (lower to higher value). Categorical data were presented as percentages.
Statistical significance was determined with the Student t-test, the Mann-Whitney test (when the P-value with the Levene test was <0.05 and not normally distributed according to previous normality testing), the chi-square test (for 2 Â 2 tables: when there were no cells of expected value <5 were calculated, higher than 2 Â 2 tables) and the Fisher exact tests (when cells had an expected value of <5). The statistical significant level was set to a P-value < 0.05.
Bivariate correlations were generated with Pearson's test and were reported as an r value with 95% confidence intervals (CI) apart from the P-value, after applying the bootstrap test at 1000 samples. A typical logistic regression analysis after confirming good fit of data was performed to determine predictors (independent variables) of pleural morbidity (dependent variable based on the previous analysis). Log-rank was used to investigate differences in the Kaplan-Meier survival curves. The last date investigated for survival was 20 May 2016.
RESULTS
Main characteristics
During the study period, a major lung resection was performed on 95 (66%) patients without adhesions and 49 (34%) patients with adhesions. There were 62 male patients (43.1%) and 102 smokers or ex-smokers (70.8%). A performance status of 0 and 1 was recorded in 133 (91.3%) patients. A lobectomy was performed in 134 patients (93.1%), a pneumonectomy in 3 (2.1%) and a bilobectomy in 7 (4.9%) patients. A right-sided operation was performed in 80 (55.6%) patients. VATS was the main approach (114 patients, 79.2%) with a conversion rate of 6.14% (for the study period) and of no attribution to the presence of adhesions.
In 36 (73.5%) patients, the adhesions were firm; in 30 patients (61.2%) these were divided with an energy device or diathermy. Extrapleural dissection was necessary in 5 cases. The mean percentage of area occupied by adhesions was 43.47 ± 20.5 (lowest value: 20%, highest value: 90%).
Nine patients were excluded from the study because of incomplete data on the presence of adhesions. None of the patients required intraoperative or postoperative blood transfusions.
Comparison of the 2 groups
The 2 groups were similar in terms of age, co-morbidities, preoperative pulmonary function, performance status, smoking habit, disease stage and body mass index ( Table 1 ). The approach, the extent and the type of the resections were also similar between the 2 groups ( Table 1) .
The duration of the operation, as expected, was longer in the group with adhesions (P < 0.01), and more staples were used overall (P < 0.01) in this group ( Table 2) .
The amount of fluid drainage was higher in the group with adhesions on POD1 (P < 0.01) and POD2 (P < 0.01). The duration of the air leak was also longer in the group with adhesions (P = 0.03), and the ICD was removed after a longer period of time in the group with adhesions (P < 0.01).
The overall morbidity was similar between the 2 groups; however, more pleural complications were noted in the group with adhesions (P = 0.02). High fluid drainage was the main cause of pleural-related morbidity in this group, whereas a prolonged air leak was the reason in the group without adhesions (P = 0.04).
More reoperations in total were observed in the group with adhesions (P = 0.052). The main reason for this finding was the presence of persistent pleural space (3 cases) with or without suspected pleural space infection; 1 case required reoperation for postoperative bleeding; 1 for chylothorax; 1 for lung infarction and 1 for a prolonged air leak. In the non-adhesion group, reoperations were necessary in 4 cases with remaining pleural pockets with or without suspected pleural infection: 1 case with prolonged air leak, 2 cases with postoperative bleeding and 1 case with lung herniation. No bronchopleural fistulas were noted. The timing of reoperations was similar in the 2 groups (Table 2 ). Despite the fact that a significant conversion rate was noted in the group with adhesions (14%), the conversion rate between the 2 groups was similar (P = 0.46). Conversions included 3 cases of bleeding and 2 cases of inability to excise the tumour completely in the non-adhesion group. The same causes necessitated conversions in the adhesion group. No conversion was necessary due to the presence of adhesions.
The in-hospital LOS was longer in the group with adhesions (P < 0.01).
There was no difference in the 30-day mortality rate (P = 0.73). Two patients with adhesions died of chest infections whereas 1 patient in the non-adhesion group died of acute respiratory distress syndrome.
Bivariate correlations showed a positive correlation between the presence of adhesions and effusion on POD1 (0.280, P < 0.01, CI: 0.139-0.428) and POD2 (0.287, P < 0.01, CI: 0.134-0.429), the duration of air leaks (0.186, P < 0.01, CI: 0.077-0.429), length of time the ICD was inserted (0.270, P < 0.01, CI: 0.120-0.419) and pleural complications (0.186, P = 0.03, CI: 0.017-0.350).
Outcome according to the topography of the adhesions
In the group with adhesions, the amount of fluid drainage was higher on POD1 (P < 0.01) and POD2 (P = 0.01) when the adhesions involved the lower part of the pleural cavity ( Table 3 ).
The overall morbidity was similar between the 2 groups; however, more pleural complications were noted when the adhesions involved the lower pleural cavity (P < 0.01). Again, the pleural morbidity was expressed as prolonged pleural effusion drainage rather than a prolonged air leak (P = 0.055).
In this subgroup, more conversions were noted (23.5% vs 5.5%, P = 0.03). The necessity for reoperation was similar between the 2 groups, but in the group in which the lower pleural cavity was affected, the operation was performed in a more expeditious manner.
In-hospital LOS and the 30-day mortality rates were similar, irrespective of the topography of the adhesion.
Bivariate correlations showed a positive correlation between the presence of adhesions over the lower pleural cavity and effusion on POD1 (0.363, P < 0.01, CI: 0.109-0.551), POD2 (0.316, P = 0.03, CI: 0.103-0.503) and the length of time the ICD was inserted (0.359, P = 0.02, CI: 0.207-0.319).
Timing of ICD removal on the outcome of patients with adhesions
Based on the aforementioned findings, further analysis was performed to identify the appropriate timing for removal of the ICD from these patients. For this reason, we initially performed a receiver operating characteristic analysis in the group with adhesions. The target point was the pleural morbidity, and the predictor test was the length of time the ICD was in place (area under the curve = 0.788) (CI: 0.611-0.924, P = 0.002). A cut-off point of 2.5 days for ICD removal was calculated to have 78% sensitivity and 75% specificity for prediction of pleural morbidity.
Further analysis (Table 4) of outcomes in patients whose ICD was removed < _2.5 days compared to patients whose ICD was removed >2.5 days showed that more overall and pleural complications (P = 0.03 and P = 0.04, respectively) as well as longer inhospital LOS (P = 0.02) were noted in the group whose ICDs were removed early.
Independent predictors of pleural morbidity in patients with adhesions
The type of adhesion (firm) was the most important predictor (P = 0.019, Exp(B) = 4.353, 95% CI 1.686-27.633) followed by the topography (involving the lower chest) of the adhesions (P = 00.043, Exp(B) = 1.439, 95% CI 1.009-6.700) and the extent (%) of the adhesions in the chest (P = 0.037, Exp(B) = 1.008, 95% CI 1.002-1.037) in the model with a Cox and Snell R 2 = 0.59, Nagelkerke R 2 = 0.65 and the Hosmer and Lemeshow test P = 0.76.
Survival
Survivorship was not affected by the presence of adhesions (Fig. 1) . Late deaths were attributed to the progression of the cancer. In 1 case, the patient committed suicide 6 months after the operation. 
DISCUSSION
The main finding of our present study is that the presence of pleural adhesions during major lung resections may predict increased pleural fluid drainage on POD1 and POD2, air leak duration, ICD insertion, in-hospital LOS and pleural morbidity. Early chest tube removal (<POD2) in these patients should be carefully reconsidered. Additionally, apart from the expected prolonged operating time, more reoperations are necessary, although conversion rates are statistically similar and the conversions are performed irrespective of the presence of adhesions.
In our study, a large number of patients with adhesions were operated on, suggesting that adhesions are not an uncommon finding. The operative outcome was worse if adhesions involved the lower pleural cavity, with increased pleural complications, greater amount of pleural fluid drainage and longer ICD insertion. Based on the regression model, extensive, firm adhesions occupying the lower chest are predictive of increased pleural morbidity.
It is widely perceived that when pleural adhesions are encountered when the surgeon enters the chest, the surgeon should be prepared for a technically more demanding operation. Dense pleural adhesions have been considered an absolute contraindication to VATS lobectomy [8, 13, 14] , although this concern has been questioned as expertise with VATS procedures has increased [7, 15] . In our study, no conversions were performed because of adhesions, suggesting the technical feasibility of a VATS lobectomy in their presence.
Caution is urged by the authors of published series of patients found with adhesions during thoracoscopic lobectomies mainly due to the increased possibility of bleeding or prolonged air leak or to the increased rate of conversion in this group of patients [10] [11] [12] 16] . Traditionally, the operative time is expected to be longer [7] . Minimal data on the outcome of patients, linking adhesions with adverse events either intraoperatively or postoperatively after conversion to thoracotomy, have been reported, without focusing on patients with adhesions per se [7, 9, 13] .
The findings of this study confirm those of previously published studies on the functional processes within the pleural space at the clinical practice level. According to these findings, the mesothelial pleural cells exhibit the ability to recycle fluid through active cellular transportation. This ability is limited by the presence of adhesions [6] . Therefore, we have proved at the clinical level that patients with adhesions have decreased pleural fluid perfusion and consequently will experience increased fluid drainage, prolonged ICD insertion time and morbidity. The risk is further increased in those in whom the adhesions occupy the lower parts of the pleural cavity [17] .
Another finding of our study was the increased number of staples required to complete the fissure in patients with adhesions. Common sense dictates that the fissures in these patients are less discrete because the inflammatory response responsible for the adhesions does not spare the visceral pleura within the fissure.
Adhesions range from single films of connective tissue easily and bluntly transected to thick ridges of fibrous tissue with vessels and nerves needing sharp dissection and ligation. It has not been studied whether different types of adhesions in the pleural cavity correlate with the severity and extent of the inflammatory insult that occurred. The extent and the macroscopic appearance were previously used to classify peritoneal adhesions in an effort to provide a common language among surgeons [18, 19] . However, these classification systems have not been widely implemented, and surgeons still report adhesions according to their experience and capability. This practice, unfortunately, applies to pleural adhesions as well. Therefore, we have not yet produced a sound grading system for adhesions with clinical significance. A system that will alert surgeons and patients to possible postoperative events and provide tailor-made postoperative management in this group of patients is needed.
Limitations
This study has several limitations. First, it is a single-institution study. Second, all adhesions were reported on the basis of a subjective calculation of the area of coverage as mentioned in the operative notes. Third, the grouping was based on the assumption that different diseases affect the pleural cavity diffusely [20] . Finally, our cohort was relatively small; a larger multi-institutional study is needed.
CONCLUSION
In conclusion, the presence of pleural adhesions in patients undergoing major lung resection can be used to predict postoperative complications, especially adhesions involving the lower part of the pleural cavity. Early removal of chest drains in these patients should be discouraged. Our study calls for an internationally accepted description and grading system from the community of thoracic surgeons of pleural adhesions found during the operation. Such a system would provide a model for predicting postoperative complications and encourage the tailor-made postoperative management of patients with pleural adhesions.
